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TAPE MEASURE WITH REINFORCED TAPL
BLADE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

The present application 1s a continuation of International
Application No. PCT/US2019/021012, filed on Mar. 6,

2019, which claims the benefit of and priority to 62/639,743,
filed on Mar. 7, 2018, which are incorporated herein by
reference 1n their entireties.

BACKGROUND OF THE INVENTION

The present mvention relates generally to the field of
tools. The present mnvention relates specifically to a tape
measure, measuring tape, retractable rule, etc., that includes
a tape measure blade with a reinforcing layer on the tape
blade.

Tape measures are measurement tools used for a variety
of measurement applications, including in the building and
construction trades. Some tape measures include a gradu-
ated, marked blade wound on a reel and also include a
retraction system for automatically retracting the blade onto
the reel. In some such tape measure designs, the retraction
system 1s driven by a coil or spiral spring that 1s tensioned,
storing energy as the tape 1s extended, and that releases
energy to spin the reel, winding the blade back onto the reel
such that automatic or non-manual tape retraction i1s pro-
vided. In some other tape measure designs, retraction of the
tape 1s controlled via a manual crank, and such tape measure
blades tend to have a long length.

SUMMARY OF THE INVENTION

This application relates to various tape measure embodi-
ments discussed herein.

In one embodiment, a tape measure 1s provided. The tape
measure includes a housing, a reel rotatably mounted within
the housing and an elongate blade wound around the reel.
The elongate blade includes an elongate metal core having
an upper surface, a lower surface and a first thickness, T1,
measured between the upper surface and the lower surface,
and the upper surface includes a concave curved section and
the lower surface includes a convex curved section. The
clongate blade includes an upper remnforcement layer
coupled to and covering at least a portion of the upper
surface of the elongate metal core, and the upper reinforce-
ment layer includes a second thickness, 12, and an upper
surface defining the uppermost surface of the elongate blade.
The elongate blade includes a lower reinforcement layer
coupled to and covering at least a portion of the lower
surface of the elongate metal core, and the lower reinforce-
ment layer has a third thickness, T3, and a lower surface
defining the lowermost surface of the elongate blade. The
clongate blade includes an ink layer located between the
upper surface of the elongate metal core and the upper
reinforcement layer forming a series of measurement mark-
ings. The thicknesses are such that T2+13zT1, and he
clongate blade has a pinch load threshold of greater than 30
Ibs. The tape measure includes a retraction mechanism
coupled to the reel and configured to driving rewinding of
the elongate blade on to the reel. The tape measure imncludes
a hook assembly coupled to an outer end of the elongate
blade.

In another embodiment, a tape measure 1s provided. A
tape measure including a housing, a reel rotatably mounted
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within the housing and an elongate blade wound around the
reel. The elongate blade includes an elongate metal core

having an upper surface, a lower surface and a metal
thickness measured between the upper surface and the lower
surface. The elongate blade includes polymer reinforcement
layer coupled to a surface of the elongate metal and extend-
ing contiguously lengthwise for at least 6 it. along a length
of the elongate metal core, and the polymer reinforcement
layer has a polymer remnforcement layer thickness. The
clongate blade includes an ink layer located between the
clongate metal core and the polymer reinforcement laver,
and the ik layer forms a series of measurement markings.
The elongate blade has a pinch load threshold of greater than
30 lbs. The tape measure includes a retraction mechanism
coupled to the reel and configured to driving rewinding of
the elongate blade on to the reel, and a hook assembly
coupled to an outer end of the elongate blade.

In another embodiment, a tape measure 1s provided. The
tape measure includes a housing, a reel rotatably mounted
within the housing and an elongate blade wound around the
reel. The elongate blade includes an elongate metal core
having an upper surface, a lower surface and a metal
thickness measured between the upper surface and the lower
surface. The elongate blade includes a polymer reinforce-
ment layer at least partially surrounding the elongate metal
core when viewed 1n cross-section and extending contigu-
ously lengthwise for at least 6 ft. along a length of the
clongate metal core, and the polymer reimnforcement layer
has a polymer reinforcement layer thickness. The elongate
blade includes an 1nk layer located between the elongate
metal core and the polymer reinforcement layer, and the 1nk
layer forms a series of measurement markings. The polymer
reinforcement layer thickness 1s greater than the metal
thickness. The tape measure including a retraction mecha-
nism coupled to the reel and configured to driving rewinding
of the elongate blade on to the reel and a hook assembly
coupled to an outer end of the elongate blade.

Additional features and advantages will be set forth in the
detailed description which follows, and, i part, will be
readily apparent to those skilled 1n the art from the descrip-
tion or recognized by practicing the embodiments as
described 1n the written description and claims hereof, as
well as the appended drawings. It 1s to be understood that
both the foregoing general description and the following
detailed description are exemplary.

The accompanying drawings are included to prowvide
turther understanding and are incorporated 1n and constitute
a part of this specification. The drawings 1illustrate one or
more embodiments and, together with the description, serve
to explain principles and operation of the various embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a left side perspective view of a tape measure,
according to an exemplary embodiment.

FIG. 2 1s a leit side perspective view of the tape measure
of FIG. 1 with a portion of the tape measure housing
removed, according to an exemplary embodiment.

FIG. 3 1s a cross-sectional view of a reinforced tape blade
of the tape measure of FIG. 1, according to an exemplary
embodiment.

FIG. 4 1s a photograph showing the set up for the tape
blade pinch test, as discussed below.

FIG. 5 1s a photograph showing engagement between a
mandrel and a tape blade during a pinch test, as discussed
below.
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FIGS. 6-9 show various graphs of the data from Table 1
below.

DETAILED DESCRIPTION

Referring generally to FIGS. 1-3, various embodiments of
a tape measure are shown and described. Various embodi-
ments of the tape measure discussed herein include an
inovative coated or laminated metal blade for a tape
measure. Specifically, the tape measure blade discussed
herein includes a relatively thick layer of matenial (e.g., a
polymer material) coupled to upper and/or lower surfaces of
an mner metal layer of the tape blade. The thickness,
hardness, elasticity, and/or material type, etc. of the polymer
reinforcement layer i1s selected to provide a tape measure
blade having improved crack or break resistance as com-
pared to tape measure blades having other layer thicknesses
or other reinforcement materials.

In particular, Applicant has found that by forming a tape
blade where the total thickness of the polymer reinforcement
layer material (e.g., the combined thickness of both the
upper and lower layers of polymer reimnforcement layer
material) 1s greater than the thickness of the inner metal
layer provides a tape blade particularly resistant to breakage
(c.g., as tested utilizing a pinch test described below).
Without being bound by a particular theory, 1n at least some
embodiments, Applicant hypothesizes that the thick rein-
forcement layer discussed herein limits the radius of curva-
ture that the metal material of the tape blade 1s exposed to
when crimped/bent and thereby reduces the risk that metal
material will crack. In this state, Applicant’s theorize that the
pinch force required to crack the tape 1s the force required
to compress the polymer reinforcement layer such that the
bend radius of the steel imnner layer decreases to the point at
which cracks develop. Further, 1n at least some embodi-
ments, Applicant hypothesizes that the thick reinforcement
layer discussed herein acts to hold the metal material
together 1n the event of small crack formation, which limits
crack propagation and tape blade breakage.

In general, Applicant understands that the art has typically
viewed 1ncreasing the size of the tape measure housing as
undesirable due to the difficulty gripping, holding, trans-
porting, etc., a large sized tape measure. For at least this
reason, Applicant understands that the art has typically not
seen 1ncreasing tape blade reinforcement layer thickness as
a viable means for strengthening the tape blade due to the
increased size of such blades when wound onto a reel within
a tape measure housing. Accordingly, at least in some
embodiments, the reinforced tape blade discussed herein 1s
used 1n conjunction with one or more other components
designed to reduce the size of other internal components
located within the tape measure housing, which 1 turn
allows more of the space within the tape measure housing to
be occupied by the thickly coated, reinforced tape measure
blade for a given outer housing size dimension.

In specific embodiments, the tape measure may include
two or more small diameter coil springs (e.g., power springs)
as part of the tape blade retraction system, which in turn
allows the size of the outer diameter of the housing to be
reduced, as compared to a similar tape measure using one
large coil spring for retraction. Stmilarly, 1n specific embodi-
ments, the tape measure may include a reduction gear train
that allows for a smaller diameter, more energy dense spring,
as compared to a similar tape measure using a coil spring
with no gear train for retraction.

In further specific embodiments, the tape blade has a
length suitable for retraction via a spring based retraction
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system. In specific embodiments, the length of the tape blade
1s less than 50 feet or more, specifically less than 40 feet. In
specific embodiments, the length of the tape blade 1s 35 f1t.,
30 1t., 25 1t., or 16 1t. In further specific embodiments, the
tape blade has a curved cross-sectional shape. In such
embodiments, the tape blade that has a shape 1n which the
upper surface 1s a concave curved surface and the lower
surtace of the blade 1s a convex curved surface. In further
specific embodiments, the tape blade 1s structured to have a
relatively significant stand-out length (1.e., the length of tape
blade that can extend from the housing while supporting
itself without buckling), and 1n some such embodiments, the
tape stand out 1s at least 1 foot, at least 3 feet, at least 6 feet,
less than 10 feet, etc. Applicant believes these structures
differentiate the tape measure of the present disclosure from
very long (e.g., 100 ft. or more) crank-retracted tape mea-
Sures.

Referring to FIG. 1 and FIG. 2, a length measurement
device, such as tape measure 10, 1s shown according to an
exemplary embodiment. Tape measure 10 includes an elon-
gated tape blade, shown as coilable tape blade 14, and a
housing 18. In general, tape blade 14 1s an elongate strip of
material including a plurality of graduated measurement
markings (see e.g., FIG. 4), and 1n specific embodiments,
tape blade 14 1s an elongate strip of metal material (e.g., steel
material) that includes an outer most end coupled to a hook
assembly, shown as hook assembly 26. As discussed in more
detail below, tape blade 14 may include various polymer
layers or reinforcing layers (e.g., polymer coating layers,
laminated polymer layers, adhesive applied films, etc.) to
help protect tape blade 14 from cracking during whip or
pinch. Further, tape blade 14 may include any combination
of tape blade features of the various embodiments discussed
herein.

As shown 1n FIG. 1, a variable-length extended segment
22 of the tape blade 14 is retractable and extendable from the
housing 18. A hook assembly 26 1s fixedly coupled to an
outer end portion 30 of tape blade 14.

As shown in FIG. 2, the non-extended portion of tape
blade 14 1s wound onto a reel 34, which 1s surrounded by
housing 18. Reel 34 1s rotatably disposed about an axis 38
of tape measure 10, and a retraction mechanism 42 1is
coupled to reel 34 and configured to drive reel 34 about
rotation axis 38 which 1n turn provides powered retraction of
tape blade 14. Retraction mechanism 42 may include one or
more clongated spiral springs that provide the retraction
energy to retraction mechanism 42. In another embodiment,
retraction mechanism 42 includes an electric motor 1n place
of or mn combination with a spring. A tape lock 46 is
provided to selectively engage tape blade 14, which acts to
restrain retraction mechanism 42 such that extended seg-
ment 22 of tape blade 14 remains at a desired length.

In specific embodiments, retraction mechanism 42 1s
configured to provide for a relatively small housing size,
despite the increased blade thickness. In one embodiment,
retraction mechanism 42 includes two or more spiral springs
(e.g., power springs) which will deliver a desired level of
torque while decreasing the outer diameter of the space
occupied by the springs (at least as compared to the outer
diameter of a single spiral spring that delivers the same level
of torque). In other embodiments, retraction mechanism 42
includes a reduction gear train located between the tape reel
and spring such that each rotation of the tape reel results 1n
less than one rotation of the spring. This arrangement allows
for a smaller diameter, more energy dense spring as com-
pared to a similar tape measure using a coil spring with no
gear train for retraction.
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By utilizing one or more size reduction mechanisms, e.g.,
gearing, multiple springs, etc., a thicker tape blade may be
used without the size of the housing growing for the same
length of tape. In some embodiments, a coil spring having a
width wider than the width of tape blade 14 may be used,
which allows for a lower diameter/height spring to be used.

In some such embodiments, the coil spring has a width
between 110% and 150% of the width tape blade 14,

specifically, the coil spring has a width between 120% and
135% of the width tape blade 14, and more specifically, the
coil spring has a width of approximately 130% of the width
tape blade 14. In this way, the spring may be of a smaller
height, allowing reduction of the height of the housing
relative to smaller-width, but larger diameter spring, which
may allow for a smaller height housing with a thicker tape.

Referring to FIG. 1, housing 18 includes a first side wall
50, a second side wall 34, and a peripheral wall 58 connect-
ing {irst side wall 50 and second side wall 54. First side wall
50, second side wall 54, and peripheral wall 58 define an
internal cavity 62, shown in FIG. 2, in which reel 34 and
retraction mechamsm 42 are housed. Referring to FIG. 1,
first side wall 50 and second side wall 54 have a substan-
tially circular profile 66. In other embodiments, the side
walls may be rectangular, polygonal, or any other desired
shape. Portions of the housing 18 may be co-molded or
separately formed of a resilient material, such as a natural or
synthetic rubber. In the illustrated construction, housing 18
1s formed with housing bumpers 70 and a support leg 74
which extend from a lower portion 78 of the peripheral wall
58.

A slot 82 1s defined along a forward portion 86 of
peripheral wall 58. Slot 82 provides an opening 1n the tape
measure housing which allows tape lock 46 to extend into
housing 18. In addition, slot 82 provides a length suflicient
to allow tape lock 46 to be moved relative to housing 18
between locked and unlocked positions.

Below the slot 82, a tape port 90 1s provided 1n peripheral
wall 58. Tape port 90 has an arcuate shape 94, corresponding,
to an arcuate cross-sectional profile of tape blade 14. The
tape port 90 allows for the retraction and extension of tape
blade 14 to and from the internal cavity 62 defined within
housing 18.

As shown in FIGS. 1 and 2, tape measure 10 includes a
finger guard assembly 98. Finger guard assembly 98
includes a guard 102 and a guard support member 106. As
shown i1n FIG. 1, the portions of guard 102 external to
housing 18 are substantially U-shaped and extend downward
from housing 18. As shown in FIG. 2, when tape 14 1s 1n the
retracted position, a rear surface of hook assembly 26 abuts
guard 102.

Referring to FIG. 3, a cross-sectional view of tape blade
14 1s shown. Tape blade 14 includes a core or inner layer 110
formed from a thin, elongate strip of metal material. In a
specific embodiment, inner layer 110 1s formed from a strip
of steel material. In a specific embodiment, inner layer 110
has a thickness, T1, between 0.09 mm and 0.2 mm, specifi-
cally, between 0.1 mm and 0.18 mm (with up to a 25%
thickness variation), and more specifically of 0.1 mm to 0.13
mm. In a specific embodiment, T1 1s between 0.105 and
0.115 mm. In another specific embodiment, T1 1s between
0.120 mm and 0.130 mm, and 1n another specific embodi-
ment, T1 1s between 0.10 mm and 0.11 mm. Inner layer 110
may be formed in a concavo-convex configuration (as
shown 1 FIG. 3), which may provide for improved tape
standout. Inner layer 110 may be an alloyed spring steel,
alloyed high strength steel, etc. In one embodiment, the steel
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1s of a hardness between 50-54 RHC (Rockwell hardness C).
In another embodiment, the steel 1s of a hardness between
45-60 RHC.

In various embodiments, tape blade 14 includes at least
one reinforcing layer coupled to at least one of the upper
surface and/or lower surface of inner metal layer 110. In the
specific embodiment shown in FIG. 3, tape blade 14
includes an upper remnforcing layer, shown as upper layer
112, coupled (e.g., attached, bonded, glued, etc.) onto the
concave upper surface of inner metal layer 110 and a lower
reinforcing layer, shown as lower layer 114, coupled (e.g.,
attached, bonded, glued, etc.) onto the convex lower surface
of inner metal layer 110. In various embodiments, layers 112
and 114 are formed from a polymer matenial, and 1n a
specific embodiment, are formed from a nylon matenal.

As shown, layer 112 has an upper surface 116 that defines
the uppermost surface of tape blade 14, and layer 114 has a
lower surface 118 that defines the lowermost surface of tape
blade 14. Ink layers 119 may be located between layers 112
and/or 114 forming measurement markings or indicia (see
FIG. 4). In specific embodiments, layers 112 and 114 are
formed from a material that has a modulus of elasticity less
than the modulus of elasticity of the metal material of inner
layer 110. In specific embodiments, layers 112 and 114 are
formed from a material that has a hardness less than the
hardness of the metal material of inner layer 110. In specific
embodiments, the coating layers discussed herein are
formed from a nylon 12 material and/or a nylon 6/6 material.

In various embodiments, layers 112 and/or 114 are formed
from an extruded polymer material and specifically an
extruded nylon material. In such embodiments, the polymer
for layers 112 and/or 114 are extruded in liquid form onto
imnner metal core 110, and cured or otherwise solidified to
form layers 112 and/or 114.

In other embodiments, layers 112 and/or 114 are formed
from a sheet of film maternial adhered to inner metal core 110.
In various embodiments, layers 112 and/or 114 are formed
from a sheet of polymer material that 1s bonded to the
surfaces of mner metal core 110 using an adhesive material.
In various embodiments, the sheet of polymer material 1s
formed from a thermoplastic matenial, such as PET, and the
adhesive may be an acrylic adhesive or a polyester thermo-
set adhesive.

In specific embodiments, layers 112 and/or 114 are
formed from sheet of Mylar A material from DuPont and the
adhesive 1s a polyester thermoset available from Bostik,
Inc., and prototypes 4 and 5 shown in Table 1 (below) utilize
such materials for layers 112 and/or 114. In addition to the
pinch testing, Applicant has found that these materials result
in layers 112 and 114 with high bonding such that these
layers tear before delaminating.

In other specific embodiments, layers 112 and/or 114 are
formed from 8412 Tape, which 1s a PET film with acrylic
adhesive, available from The 3M Company, and prototypes
6 and 7 shown in Table 1 utilize these materials for layers
112 and/or 114. It should be understood that while FIG. 3
shows a tape blade with reinforcement layers on both the
upper and lower surfaces of inner metal core 110, the various
reinforcement layer designs, thicknesses, pinch test perfor-
mances, etc. may be accomplished via a reinforcement layer
meeting one or more of the design parameters discussed
herein located on only one side of inner metal core 110.

As shown 1n FIG. 3, in specific embodiments, layers 112
and/or 114 do not wrap around the side edges of inner metal
core 110. In fact, 1n testing versions of layers 112 and/or 114
that utilize adhesive-bonded film material, Applicant has
found that edge wrapping increases the chance of delami-
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nation of layers 112 and/or 114 during pinch testing, but that
delamination does not occur without edge wrapping. In
some designs coverage of the edges of mner metal core 110
may be desirable. In such embodiments, an extruded poly-
mer that forms layers 112 and/or 114 also covers the edge
surfaces. In some embodiments utilizing laminated film for
layers 112 and/or 114, a separate, narrow sheet of film
material may be applied to cover each of the edge surfaces
of inner metal core 110.

As shown 1n FIG. 3, layer 112 has a thickness, T2, and
layer 114 has a thickness, T3. In specific embodiments, the
total thickness of the tape blade reinforcement layer(s) (1.e.,
the combined thickness of layers 112 and 114, T2+13) 1s
greater than T1. In specific embodiments, T2+13 1s greater
than 1.5T1. In specific embodiments, T2+13 1s between
1.5T1 and 3.5T1, and in even more specific embodiments,
T2+4T3 1s between 1.5T1 and 2.5T1. Applicant has found
that the substantial thickness of layers 112 and 114 relative
to the thickness of core layer 110 limits the radius of
curvature experienced by layer 110 during pinch tests (see
Pinch Test description below), which i turn limits the
likelthood that layer 110 will crack when pinched or
crimped.

In specific embodiments, T2+13 1s between 0.2 mm and
0.4 mm. In a specific embodiment, T2+13 1s between 0.2
mm and 0.25 mm, and more specifically 1s between 0.21 mm
and 0.23 mm. In one embodiment, T2 1s substantially equal
to T3 (e.g., 1s within 5% o1 T3). In another embodiment, T2
1s greater than 13 (e.g., 1s more than 5% greater than 13). In
another embodiment, T3 1s greater than T2 (e.g., 1s more
than 5% greater than T2).

In other embodiments, the reinforcement layer thickness
can be expressed as the ratio of total tape blade thickness
(T1+T2+T3) to the thickness of inner metal core 110 (T1).
In various embodiments. (T1+T2+13)/T1 1s greater than or
equal to 2, and specifically greater than or equal to 2.5. In
more specific embodiments, (T1+T2+13)/T1 1s between 2.5
and 4, and more specifically between 2.5 and 3.5.

In one embodiment, the total tape blade thickness (inclu-
sive of all of the reinforcement layers and the core layer, 1.¢.,
T14T24T3) 1s between 0.3 mm and 0.5 mm. In a specific
embodiment, T1+T12+T13 1s between 0.3 mm and 0.35 mm,
and specifically 1s 0.33 mm (e.g., 0.33 mm plus or minus
5%). As shown 1n Table 1 below, prototype 1 has a total
thickness of 0.33 mm and a pinch load threshold of greater
than 30 Ibs. In particular embodiments, Applicant believes
that this design represents a particularly advantageous bal-
ance between strength enhancing tape blade thickness with-
out unduly increasing tape housing size or manufacturing
COSTs.

In one embodiment, one or more reinforcing layers, such
as layers 112 and 114, are applied over the entire length of
mner layer 110.

In one embodiment, one or more reinforcing layers, such
as layers 112 and 114, are applied over at least 6 feet of the
length of mner layer 110, specifically over at least 8 feet of
the length of mner layer 110, and more specifically over at
least 10 feet of the length of inner layer 110. In specific
embodiments, these lengths are contiguous lengths of the
material forming layers 112 and 114. Such designs may
provide increased tear resistance 1n areas of the tape blade 14
prone to icreased wear, while maintaining compactness of
the tape relative to a tape blade that has the coating over the
entire length. In one embodiment, layers 112 and 114 begin
at the end of the tape blade 14 proximate the hook. In
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another embodiment, the reinforcement layer starts at a
location of the blade spaced apart from the end proximate
hook assembly 26.

In some embodiments, layers 112 and/or 114 do not have
uniform thicknesses along the width and/or length of tape
blade 14. In some such embodiments, layers 112 and/or 114
may be applied 1n a pattern (e.g., a honeycomb pattern, a
checkered pattern, etc.) where there are portions of thicker
and thinner coating distribution across both the length and
width of the tape blade 14. In such embodiments, 12 and T3
shown 1n FIG. 3 represent the thickness measured through
the thickest portion of the coating pattern. In some such
embodiments, the ranges of T2 and T3 discussed herein
represent the maximum thickness of layers 112 and 114 at
any portion along the length of tape blade 14. For example,
in some such embodiments, the combined maximum coating
and blade thickness may be 0.33 mm, but 1n other areas
along the length and width of the tape blade, the coating and
blade thickness will be less (e.g., as measured at the thinner
coating portions of the coating pattern). In other embodi-
ments, the ranges of T2 and T3 discussed herein represent
the average thickness of layers 112 and 114 measured at all
of the thickest portions of the coating pattern along the
length and width of tape blade 14.

One or more reinforcing layers, such as layers 112 and
114, may be applied as a laminate, nylon extrusion, {ilm
attached with adhesive, power/spray on coating. In one
embodiment, the reinforcement layer(s) are configured such
that even 1f the steel core were to fracture, the reinforcement
layer 1s configured to contain the steel core and to maintain
the integrity of the blade (e.g., the reinforcement layer will
tend not to tear).

As will be discussed 1n more detail below, layers 112 and
114 are designed to provide high levels of pinch test per-
formance, represented by a pinch load threshold (which 1s
the pinch test force required to break a given tape blade) and
a pinch height at break. In various embodiments, tape blade
14 has a pinch load threshold greater than or equal to 30 lbs.,
and specifically a pinch load threshold greater than 30 Ibs.
and less than 30 lbs. In a specific embodiment, the pinch
load threshold 1s greater than 30 lbs. and less than 35 Ibs. In
various embodiments, tape blade 14 has a pinch height at
break of less than 1.5 mm.

Pinch Test and Examples

Testing data for a number of tape measure blades designs
having different total thicknesses, reinforcement layer thick-
nesses and reinforcement layer types are shown 1n Table 1,
below. As shown in Table 1, the prototype designs are
specific exemplary embodiments of innovative tape blades
with remnforcing layers designed as discussed herein. The
other data sets show testing of current commercially avail-
able tape measures. As can be seen, the various prototype
cemgns perform significantly better during pinch test than
the prior art designs, while having higher overall tape
thickness (resulting from thicker reinforcing layers) but
lower steel thicknesses. From this testing Applicant has
concluded that significantly better pinch test performance
can be achieved via increases 1n remnforcing layer thickness
while decreasing steel thickness. In addition, Applicant has
determined that designing a tape blade 1n which the pinch

load threshold 1s greater than 30 lbs., and specifically
between 30 lbs. and 50 lbs. provides a desirable balance
between high enough pinch test performance while main-
taining a satisfactorily low overall tape blade thickness.
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TABLE 1
Total Tape
Tape Steel Thickness

Reinforcement Width Thickness (T1 + T2 + T3)

Name Layer Type (mm) (T1) (mm) (mm)

Prototype 1 - lTest 1 Nylon 27 0.11 0.33
Extrusion

Prototype 1 - lest 2 Nylon 27 0.11 0.33
Extrusion

Prototype 1 - Test 3 Nylon 27 0.11 0.33
Extrusion

Prototype 2 - Test 1 Nylon 0.13 0.40
Extrusion

Prototype 2 - Test 2 Nylon 0.13 0.40
Extrusion

Prototype 2 - Test 3 Nylon 0.13 0.40
Extrusion

Prototype 3 - Test 1 Nylon 0.13 0.50
Extrusion

Prototype 3 - Test 2 Nylon 0.13 0.50
Extrusion

Prototype 3 - Test 3 Nylon 0.13 0.50
Extrusion

Prior Art 1 - Test 1 Film 29 0.13 0.16

Prior Art 1 - Test 2 Film 29 0.13 0.16

Prior Art 1 - Test 3 Film 29 0.13 0.16

Prior Art 2 - Test 1 Film 32 0.13 0.18

Prior Art 2 - Test 2 Film 32 0.13 0.18

Prior Art 2 - Test 3 Film 32 0.13 0.18

Prior Art 2 - Test 4 Film 32 0.13 0.18

Prior Art 2 - Test 3 Film 32 0.13 0.18

Prior Art 2 - Test 6 Film 32 0.13 0.18

Prior Art 3 - Test 1 Film 32 0.13 0.18

Prior Art 3 - Test 2 Film 32 0.13 0.18

Prior Art 3 - Test 3 Film 32 0.13 0.18

Prior Art 3 - Test 4 Film 32 0.13 0.18

Prior Art 3 - Test 3 Film 32 0.13 0.18

Prior Art 3 - Test 6 Film 32 0.13 0.18

Prior Art 3 - Test 7 Film 32 0.13 0.18

Prior Art 3 - Test 7 Film 32 0.13 0.18

Prior Art 4 - Test 1 Film 29 0.13 0.16

Prior Art 3 - Test 9 Film 32 0.13 0.18

Milwaukee 48-22-7116 Nylon 27 0.13 0.19

Test 1 Extrusion

Milwaukee 48-22-7116 Nylon 27 0.13 0.19

Test 2 Extrusion

Milwaukee 48-22-7116 Nylon 27 0.13 0.19

Test 3 Extrusion

Prior Art 3 - Test 10  Film 32 0.13 0.18

Prior Art 3 - Test 11 Film 32 0.13 0.18

Prior Art 3 - Test 12 Film 32 0.13 0.184

Prototype 4 - Test 1 single sided 23 0.125 0.34
film

Prototype 4 - Test 2 single sided 23 0.125 0.34
film

Prototype 5 - Test 1 double sided 25 0.125 0.415
film

Prototype 5 - Test 2 double sided 25 0.125 0.415
film

Prototype 6 - Test 1 single sided 25 0.106 0.304
film

Prototype 6 - Test 2 single sided 25 0.106 0.304
film

Prototype 7 - Test 1 double sided 25 0.106 0.464
film

Prototype 7 - Test 2 double sided 25 0.106 0.464

film

Referring to FIGS. 4 and 5, details of the Pinch Test used
to generate the data shown in Table 1, 1s shown and
described. Pinch test system 400 includes a mandrel 402, a
test fixture 404, clamp assemblies 406 and 408, and an
aluminum support plate 410. Test fixture 404 supports a tape
blade 14 that 1s to be pinch tested. Test fixture 404 holds tape
blade 1n the u-shape as shown 1 FIG. 5. Clamp assembly
406 secures tape blade 14 to test fixture 404, and clamp
assembly 408 secures test fixture 404 to a testing table.
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Ratio of Total Pinch [.oad
Thickness to Height at
Steel Hardness  at break break
Thickness (HV0.5) (mm) (Ib)
3.00 510 1.28 35
3.00 510 1.3 38
3.00 510 1.26 33
3.08 490 0.81 62.6
3.08 490 0.81 63.0
3.08 490 0.78 79.5
3.85 500 0.8% 150.1
3.85 500 0.8% 150.1
3.85 500 0.90 150.1
1.25 1.723 22.5
1.25 1.638 23.1
1.25 1.595 24.9
1.38 2.360 23.2
1.38 2.309 23.4
1.38 2.309 23.7
1.38 2.352 25.0
1.38 2.267 25.2
1.38 2.394 25.3
1.42 2. 188 25.0
1.42 2.231 25.3
1.42 2.231 25.3
1.42 2.188 25.6
1.42 2.019 25.7
1.42 2.104 25.8
1.42 2.019 25.8
1.42 2.315 25.9
1.25 1.469 26.0
1.42 2.188 26.3
1.48 1.759 27.0
1.48 1.759 27.2
1.48 1.770 27.5
1.42 2.358 27.3
1.42 2.358 27.4
1.42 2.146 27.7
2.72 570 27.7
2.72 570 27.7
3.32 570 493
3.32 570 45.0
2.87 504 0.40 41.7
2.87 504 0.40 41.9
4.38 504 0.40 150.1
4.38 504 0.40 172.1

During pinch testing a 10 1inch long piece of tape 14 1s used.
Mandrel 402 1s run by an Instron Tensile Machine. Test
fixture 404 1s a component as shown for holding tape blade
14, and plate 410 1s an 8 mmchx4 inchx0.5 inch piece of
extruded aluminum.

To set up the pinch test, test fixture 404 1s positioned so
that the u-bend 1n tape blade 14 is located near the vertical
central axis 412 of mandrel 402, as shown 1n FIG. 5. Next,
tape blade 14 1s removed to continue setup. Next, the
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position of mandrel 402 1s located, and the maximum
displacement value 1s set. Specifically, mandrel 402 1is
lowered so that 1t 1s touching the upper surface of plate 410.
At this point, mandrel extension value 1s set to zero. Next,
the mandrel 402 1s raised away from plate 410 to a height of
0.156 1inches (~2xthickness of tape blade 14 being tested). At

this point, the mandrel extension value 1s set to zero again.
Next, mandrel 402 1s raised to a height of about ~1.5 inches
above plate 410, and the exact mandrel extension value 1s
recorded and 1s set as the maximum displacement used
during the pinch test. Then the mandrel extension value 1s set
to zero again.

During pinch testing, the machine running mandrel 402
advances mandrel 402 at a rate of 1 inch per minute, and 1s
set to stop 1f the load exceeds 150 lbs. Tape blade 14 1s
returned to 1ts position below mandrel 402 as shown 1n FIG.
4, and the ends 414 of tape blade 14 are positioned flush
against the back wall of test fixture 404. Next, the test 1s
started causing mandrel 402 to advance, controlled by the
Instron Machine, which pinches tape blade 14 against plate
410. As shown 1n FIG. 5, the computer running the mandrel
402 tracks mandrel displacement, from which pinch height,
PH, shown 1n FIG. 5, 1s calculated. This 1s run until tape 14
fails or the maximum displacement or load 1s reached.

FIGS. 6-9 show plots of the data shown in Table 1. As can
be seen, with the exception of prototype 4, the prototypes
utilizing the thicker reinforcement layers discussed herein
perform significantly better than the prior art tape measures
utilizing the pinch testing discussed herein. Based on these
tests, Applicant theorizes that the relationship between
thickness and load at break 1s exponential (or similar). At a
point along the curve, when the blade 1s bent over on 1tself,
the thickness of the reinforcement layer 1s suflicient to cause
the steel to have a radius that i1s large enough not to easily
snap the steel. At that point, the force to break 1s essentially
the force necessary to squish the polymer of the remnforce-
ment layer through the radiused steel. That 1s the point where
the trend line increases dramatically.

It should be understood that the figures illustrate the
exemplary embodiments 1n detail, and 1t should be under-
stood that the present application 1s not limited to the details
or methodology set forth 1n the description or 1illustrated 1n
the figures. It should also be understood that the terminology
1s for description purposes only and should not be regarded
as limiting.

Further modifications and alternative embodiments of
various aspects of the mvention will be apparent to those
skilled 1n the art in view of this description. Accordingly, this
description 1s to be construed as illustrative only. The
construction and arrangements, shown 1n the various exem-
plary embodiments, are illustrative only. Although only a
few embodiments have been described in detail in this
disclosure, many modifications are possible (e.g., variations
in sizes, dimensions, structures, shapes and proportions of
the wvarious elements, values of parameters, mounting
arrangements, use ol materials, colors, orientations, etc.)
without matenally departing from the novel teachings and
advantages of the subject matter described herein. Some
clements shown as integrally formed may be constructed of
multiple parts or elements, the position of elements may be
reversed or otherwise varied, and the nature or number of
discrete elements or positions may be altered or varied. The
order or sequence of any process, logical algorithm, or
method steps may be varied or re-sequenced according to
alternative embodiments. Other substitutions, modifications,
changes and omissions may also be made in the design,
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operating conditions and arrangement of the various exem-
plary embodiments without departing from the scope of the
present 1nvention.

Unless otherwise expressly stated, it 1s 1n no way intended
that any method set forth herein be construed as requiring
that 1ts steps be performed 1n a specific order. Accordingly,
where a method claim does not actually recite an order to be
followed by its steps or 1t 1s not otherwise specifically stated
in the claims or descriptions that the steps are to be limited
to a specific order, 1t 1s 1n no way intended that any particular
order be inferred. In addition, as used herein, the article “a”
1s mntended to include one or more component or element,
and 1s not intended to be construed as meaning only one. As
used herein, “rigidly coupled” refers to two components
being coupled 1n a manner such that the components move
together 1n a fixed positional relationship when acted upon
by a force.

Various embodiments of the mnvention relate to any com-
bination of any of the features, and any such combination of
features may be claimed 1n this or future applications. Any
of the features, elements or components of any of the
exemplary embodiments discussed above may be utilized
alone or in combination with any of the features, elements
or components of any of the other embodiments discussed
above.

What 1s claimed 1s:
1. A tape measure comprising:
a housing;
a reel rotatably mounted within the housing;
an elongate blade wound around the reel, the elongate
blade comprising:
an elongate metal core having an upper surface, a lower
surface and a first thickness, T1, measured between
the upper surface and the lower surface, wherein the
upper surface includes a concave curved section and
the lower surface includes a convex curved section:

an upper reinforcement layer coupled to and covering
at least a portion of the upper surface of the elongate
metal core, the upper reinforcement layer having a
second thickness, T2, and an upper surface defining
the uppermost surface of the elongate blade;

a lower reimnforcement layer coupled to and covering at
least a portion of the lower surface of the elongate
metal core, the lower reinforcement layer having a
third thickness, 13, and a lower surface defining the
lowermost surface of the elongate blade; and

an 1nk layer located between the upper surface of the
clongate metal core and the upper remnforcement
layer forming a series of measurement markings;

wherein T2+T13=1.5xT1;

wherein the elongate blade has a pinch load threshold
ol greater than 30 lbs;

a retraction mechanism coupled to the reel and configured
to driving rewinding of the elongate blade on to the
reel; and

a hook assembly coupled to an outer end of the elongate
blade.

2. The tape measure of claim 1, wheremn T1 1s 0.1 mm to

0.13 mm, and T2+7T3 1s between 0.2 mm and 0.4 mm.

3. The tape measure of claim 1, wherein T1 1s an average
thickness of the elongate metal core, and T2 and T3 are the
maximum thicknesses of the upper and lower reinforcement
layer.

4. The tape measure of claim 1, wheremn the upper
reinforcement layer 1s located along at least 6 it. of the
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length of the elongate metal core, wherein the lower rein-
forcement layer 1s located along at least 6 it. of the length of
the elongate metal core.

5. The tape measure of claim 4, wherein the upper
reinforcement layer and the lower reinforcement layer are
located along an entire length of the elongate metal core.

6. The tape measure of claim 1, wherein the elongate
metal core comprises a steel material having a hardness of
45-60 RHC, and the upper and lower reinforcement layers
comprise at least one of an extruded nylon and a laminated
f1lm.

7. The tape measure of claim 1, wherein the elongate
blade has a length less than 50 feet.

8. The tape measure of claim 1, wherein the elongate
blade has a pinch height at break of less than 1.5 mm.

9. The tape measure of claim 1, wherein the elongate
blade has a pinch load threshold of less than 50 1bs, wherein
the retraction mechanism comprises a spring coupled to the
reel such that when the elongate blade 1s unwound from the
reel to extend from the housing the spring stores energy and
the spring release energy driving rewinding of the elongate
blade on to the reel.

10. A tape measure comprising:

a housing;

a reel rotatably mounted within the housing;

an elongate blade wound around the reel comprising:
an elongate metal core having an upper surface, a lower

surface and a metal thickness measured between the
upper surface and the lower surface;

a polymer reinforcement layer coupled to a surface of
the elongate metal and extending contiguously
lengthwise for at least 6 it. along a length of the
clongate metal core, the polymer reinforcement layer
having a polymer reinforcement layer thickness;

an 1nk layer located between the elongate metal core
and the polymer reinforcement layer, the ink layer
forming a series of measurement markings;

wherein the elongate blade has a pinch load threshold
of greater than 30 lbs and of less than 50 Ibs;

a retraction mechanism coupled to the reel and configured
to driving rewinding of the elongate blade on to the
reel; and

a hook assembly coupled to an outer end of the elongate
blade.

11. The tape measure of claim 10, wherein the elongate
blade has a pinch height at break of less than 1.5 mm,
wherein the polymer reinforcement thickness 1s between 0.2
mm and 0.4 mm and the metal thickness 1s between 0.1 mm
and 0.13 mm.

12. The tape measure of claim 10, wherein the polymer
reinforcement thickness 1s greater than or equal to 1.5 times
the metal thickness.
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13. The tape measure of claim 10, wherein the elongate
metal core comprises a steel material having a hardness of
45-60 RHC, and the polymer reinforcement layer comprise
at least one of an extruded nylon and a laminated film.

14. The tape measure of claim 10, wherein the polymer
reinforcement layer comprises an upper portion coupled to
the upper surface of the elongate blade and a lower portion
coupled to the lower surface of the elongate blade.

15. The tape measure of claim 10, wherein the elongate
blade has a length less than 30 feet.

16. The tape measure of claim 10, wherein the elongate
blade has a pinch load threshold of less than 35 Ibs.

17. A tape measure comprising;

a housing;

a reel rotatably mounted within the housing;

an elongate blade wound around the reel comprising:
an elongate metal core having an upper surface, a lower

surtace and a metal thickness measured between the
upper surface and the lower surface;

a polymer reinforcement layer at least partially sur-
rounding the elongate metal core when viewed 1n
cross-section and extending contiguously lengthwise
for at least 6 1t. along a length of the elongate metal
core, the polymer reinforcement layer having a poly-
mer remnforcement layer thickness;

an 1nk layer located between the elongate metal core
and the polymer reinforcement layer, the ik layer
forming a series ol measurement markings;

wherein the polymer reinforcement layer thickness is
greater than the metal thickness;

a retraction mechanism coupled to the reel and configured
to driving rewinding of the elongate blade on to the
reel; and

a hook assembly coupled to an outer end of the elongate
blade:

wherein the polymer reinforcement layer comprises at
least one of an extruded nylon layer and a laminate
{1lm.

18. The tape measure of claim 17, wherein the polymer
reinforcement layer thickness 1s between 0.2 mm and 0.4
mm and the metal thickness 1s between 0.1 mm and 0.13
mm.

19. The tape measure of claim 18, wherein the polymer
reinforcement layer thickness 1s an average thickness of the
polymer reinforcement layer averaged along the length of
the polymer reinforcement layer.

20. The tape measure of claim 17, wherein the elongate
blade has a pinch height at break of less than 1.5 mm.

21. The tape measure of claim 17, wherein the elongate
blade has a pinch load threshold of 30 lbs. to 50 lbs.
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